Background and Purpose-Endothelial dysfunction may play a causal role in cerebral small vessel disease (SVD).
C erebral small vessel disease (SVD) causes both lacunar infarction and more diffuse subcortical ischemic change referred to as leukoariosis. The pathogenesis of the underlying arteriopathy is uncertain but studies have implicated both endothelial dysfunction and hyperhomocysteinaemia, particularly when lacunar infarction is accompanied by confluent leukoariosis. 1, 2 Asymmetric dimethylarginine (ADMA) is an endogenous inhibitor of endothelial nitric oxide synthase. 3 Elevated levels have been reported in cardiovascular disease, 4 and it may play a role in mediating endothelial dysfunction seen in hyperhomocystinemia. 5 ADMA is synthesized through arginine methylation by protein arginine methyltransferase, type 1. Protein arginine methyltransferase type 2 generates symmetric dimethylarginine, which has no endothelial nitric oxide synthase inhibitory action. Furthermore, symmetric dimethylarginine is largely eliminated through renal excretion, whereas most ADMA is metabolized by dimethylarginine dimethylaminohydrolase.
We compared ADMA levels between SVD patients and controls to test 2 hypotheses. First, that SVD is associated with elevated ADMA levels that correlate with SVD severity. Second, that there is a significant interaction between ADMA and homocysteine.
Methods

Study Population
Forty-seven white patients with SVD, defined using modified TOAST criteria, 6 were recruited from inpatient and outpatient facilities. All had brain imaging, imaging of the extracranial carotid arteries, and ECG. Echocardiography was performed in 20 (43%). Thirty-eight white community controls free of symptomatic cerebrovascular disease were recruited by sampling family doctor lists from the same geographic regions as the patients. Sampling was stratified to provide similar distributions of age, gender, hypertension, hypercholesterolemia, and smoking history to patients. Local research ethics committees approved the protocol. Written informed consent was obtained from all participants.
Hypertension was defined as systolic blood pressure Ͼ140 mm Hg or diastolic blood pressure Ͼ90 mm Hg or current treatment with antihypertensive drugs. Diabetes mellitus was defined as a previous diagnosis of type I or type II diabetes, or at least 2 random glucose readings of Ͼ11.1 mmol/L or fasting blood glucose readings of Ͼ7.0 mmol/L. Hypercholesterolemia was defined as a serum cholesterol Ͼ5.2 mmol/L, or current statin therapy. A positive smoking history was recorded in those who had ever smoked.
Assays
All assays were performed blinded to the case identity. In patients, all samples were collected at least 3 months after the most recent stroke to exclude transient elevation in biochemical markers. Plasma ADMA and symmetric dimethylarginine were analyzed by high-pressure liquid chromatography. Serum homocysteine was measured as described previously. 2 Because ADMA is handled by the kidneys, creatinine clearance was determined in cases and controls.
Grading of SVD
MRI was available in 41 cases (87.2%) and CT only in 6 cases (12.8%). Leukoariosis on MRI or CT was graded using a modified Fazekas scale into absent (0), mild (1), early confluent (2), and confluent (3). This method has been previously validated, and a good correlation was found between grading on CT and MRI. 1 Lacunar infarcts (5 to 15 mm) were scored as absent (0), 1 to 2 lesions (1), 3 to 5 lesions (2), and Ͼ5 lesions (3). Because only 2 patients had lacunar infarction grade 3, for analysis patients were grouped into 2 categories: lacunar infarct grades 0 to 1 and 2 to 3.
Statistical Analysis
All biochemical markers underwent logarithmic transformation to normalize distributions before analysis. Multivariate logistic regression was used to control for age, gender, vascular risk factors, and creatinine clearance. ADMA levels were split into tertiles to enable logistic regression analysis, and odds ratios (ORs) and 95% CIs were calculated. Linear regression analysis was used to assess associations between ADMA, homocysteine, and SVD severity scores.
Results
Subject Characteristics (Table 1) Age, gender, or vascular risk factors were well-matched between patients and controls. (Table 2) ADMA and homocysteine were increased in SVD patients compared with controls on univariate analysis and multivariate analysis. In contrast, symmetric dimethylarginine levels did not differ. The OR for SVD increased with increasing tertile of ADMA. After controlling for age, OR (95% CI) for the middle compared with the lowest tertile was 3.94 (1. 
Biochemical Markers in SVD Patients and Controls
Associations Between ADMA and Homocystine
There was no correlation between ADMA and homocysteine (Rϭ0.114, Pϭ0.329). The positive association between AMDA and SVD on multivariate analysis (Pϭ0.014) was only slightly attenuated after additionally controlling for homocysteine (Pϭ0.055). Similarly, the association between homocysteine and SVD (Pϭ0.035) was attenuated slightly after additionally controlling for ADMA (Pϭ0.055). 
Differences in ADMA and
Discussion
We found ADMA was elevated in SVD after controlling for vascular risk factors and correlated with leukoariosis severity but not lacunar grade. Homocysteine was also elevated in SVD, and in contrast was correlated with both leukoariosis severity and lacunar grade. These findings may be consistent with ADMA mediating smaller perforator damage, contributing to leukoariosis, and homocysteine acting on both smaller and larger perforators additionally contributing to lacunes. A role for ADMA in mediating endothelial dysfunction in hyperhomocystinemia has been proposed, 5 but we failed to demonstrate significant interaction between these two biomarkers.
The association of ADMA with atherosclerosis 7 may offer an alternative explanation for the elevation of ADMA seen in SVD. Undetected atherosclerosis elsewhere in the vascular tree could result in high ADMA levels. However, several factors argue against this. SVD patients and controls were well-matched for vascular risk factors. Thirtynine of 47 SVD patients had no evidence of plaque on extracranial vessel imaging. Eight patients had minor plaque (Յ30% stenosis). None of the patients who had echocardiography had evidence of a cardiac or aortic atherosclerosis. Of the 47 SVD patients, only 1 had a history of myocardial infarction and 2 had symptomatic peripheral vascular disease.
Our findings demonstrate an association between SVD and ADMA and are consistent with, but do not prove, a role in disease pathogenesis. Our findings need to be replicated in a larger sample and in a prospective study to examine causality.
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